Rheumatic involvement of all four heart valves is uncommon and its association with congenital heart disease is very rare. Tetralogy of Fallot is a frequent cyanotic congenital heart disease with a survival beyond middle age. Background of this case report described the rheumatic involvement of all four heart valves (quadrivalvar rheumatic cardiopathy) with stenotic lesions of semilunar valves (aortic and pulmonary valves) and regurgitant lesions of atrioventricular valves (mitral and tricuspid valves) in Tetralogy of Fallot in a 48-year old asymptomatic female, detected by transthoracic two dimensional echocardiography in Thoothukudi region of India.
Introduction
Incidence of valvular involvement in rheumatic heart disease (RHD) is the function of hemodynamic pressures and shear stresses on the exposed valves. The sparing of pulmonary valve in rheumatic process is usually attributed to low pressure and shear stress on this valve, but it does not explain in patients with severe pulmonary hypertension secondary to left sided valvular disease and lack of pulmonary involvement. When the transplanted pulmonary valve is placed in aortic position in pulmonary valve autograft Ross' procedure, it is susceptible to rheumatic valvulitis similar to the native aortic valve [1] . This reinforces the theory that no valve is immune to rheumatic process.
Involvement of all four valves is an uncommon feature of rheumatic heart disease [2] . There is a high inci-dence of multivalvar damage when Ascoff bodies are identified at necropsy [3] . There are few reports available in the literature describing the rheumatic lesions of all four heart valves [4] . When all the four valves are affected by rheumatic disease, the lesion is usually one of stenosis and the majority of the reported cases are females. Kumar et al. [5] have quoted only 10 cases of quadrivalvar rheumatic heart disease in the English literature in 1985. In 1987, Hossack et al. [6] reported the case of a patient with rheumatic involvement of all valves treated with quadruple valve replacement and 12 cases have been reported upto 2005. In 2012, Cao and colleagues reported a 11-year follow-up study of a patient with subacute rheumatic endocarditis who underwent quadruple valve replacement [7] . Coexistent rheumatic disease in patients with congenital heart disease was known to occur [8] [9] . Tetralogy of Fallot (TOF) is the most common congenital heart disease seen beyond infancy and childhood with about 5% of patients surviving to the age of 40 years. Rheumatic involvement of all four heart valves (quadrivalvar rheumatic cardiopathy) is uncommon in tetralogy of Fallot and so this case had been reported.
Case Report
A 48-year old asymptomatic female was referred for echocardiographic evaluation with a history of cyanosis from early childhood and a precordial murmur. Her pulse rate was 96 bpm and blood pressure was 110/70 mmHg. She had some frequent episodes of upper respiratory infection during childhood and treated with antibiotics, but penicillin prophylaxis was not given. She had delivered two healthy children normally, aged 10 and 13 years. General examination revealed central cyanosis and clubbing. Physical examination revealed a grade 3/6 systolic murmur in the left second intercostal space and a soft, single second heart sound. ECG and X-ray chest revealed right ventricular hypertrophy, consistent with Tetralogy of Fallot. Blood chemistry revealed a positive ASO (anti-streptolysin O) test suggesting the reactivation of rheumatic process following a recurrent episode of streptococcal infection. She was advised penicillin prophylaxis and periodic follow up. Transthoracic 2D echocardiography revealed a large malaligned ventricular septal defect (VSD) with valvular pulmonary stenosis suggesting tetralogy of Fallot and a thickened, calcified pulmonary and aortic valves with stenosis, thickened and calcified mitral and tricuspid valves with regurgitation suggesting quadrivalvar rheumatic cardiopathy as shown in Figures 1-8. 
Discussion
The prevalence rate of rheumatic heart disease (RHD) is 0.5 -0.67 per thousand in India [10] . The risk of coincident rheumatic disease in patients with tetralogy of Fallot was described in the literature. Rheumatic mitral stenosis was reported in an adult male, aged 35 years with tetralogy of Fallot at Visakhapatnam in India [11] and rheumatic involvement of all four valves in tetralogy of Fallot was also reported in a 14-year-old male [12] .
Echocardiography
Transthoracic echocardiography provides an early diagnosis of rheumatic involvement of all four heart valves (quadrivalvar rheumatic cardiopathy). There are only few reports of echocardiographic diagnosis of stenotic involvement of all four heart valves due to rheumatic etiology [13] [14] . Bandin et al. stated that 3.6% of hearts with rheumatic disease show organic lesions of the pulmonary valve based on autopsy series and reported one patient having quadrivalvar rheumatic disease, diagnosed preoperatively by echocardiography [15] . Thus, echocardiography is useful for confirming clinical findings and allows assessment of the severity of valvular stenosis and regurgitation [16] .
In this case, transthoracic 2D echocardiography revealed a large malaligned ventricular septal defect as shown in Figure 1 and Color Doppler imaging in Figure 5 , with valvular pulmonary stenosis as in Figure 6 and Figure 7 , suggesting the tetralogy of Fallot. The classical echocardiographic features of rheumatic involvement of valves such as thickened leaflets, commissural fusion with calcific deposits noticed in pulmonary and aortic valves as shown in Figure 3 , thickened mitral and tricuspid valves as in Figure 4 , valvular regurgitation involving the thickened mitral and tricuspid valves as in Figure 8 , suggesting the quadrivalvar rheumatic cardiopathy in tetralogy of Fallot. Stenotic lesions are predominant and severe in semilunar valves (aortic and pulmonary valves) due to simultaneous exposure of semilunar valves to the equal pressure gradients in the ventricles and regurgitant lesions are predominant in atrioventricular valves (mitral and tricuspid valves) is a characteristic feature of rheumatic involvement in tetralogy of Fallot of this patient. 
Penicillin Prophylaxis
Primary prophylaxis to eradicate the streptococcal infection and secondary prophylaxis to prevent the recurrent episodes are indicated as a therapeutic and preventive measures for RHD (Rheumatic Heart Disease) patients. Primary prophylaxis also serves as the first course of secondary prophylaxis. Ideally, continue prophylaxis indefinitely and sometimes life long, because recurrent streptococcal infections and rheumatic fever cases occur at any age in endemic areas and it should be maintained for those with clinically significant RHD for at least ten years after the last episode. Long-acting penicillin is of particular value in patients with a high risk of recurrence of rheumatic fever. An injection of 1.2 million units of benzathine penicillin G intramuscularly every 3 weeks [17] is recommended for this patient at least for ten years and preferably life long.
Thus, the recognition of rheumatic involvement of heart valves in tetralogy of Fallot is significant in endemic areas of RHD and the penicillin prophylaxis may prevent further deterioration in this case.
Current Research Status

In Pathogenesis
The organism group A beta-hemolytic streptococcus (streptococcus pyogenes), attach the epithelial cells of the upper respiratory tract and produce battery of enzymes, allowing them to damage and invade human tissues. Only infections of the pharynx have been shown to initiate or reactivate rheumatic fever in 0.3% -3% of cases. However, epidemiological association in certain population have shown that group A streptococcus impetigo could predispose to or cause rheumatic fever as well [18] . Streptococcal proteins display molecular mimicry recognized by the immune system, especially bacterial M-proteins and human cardiac antigens such as myosin [19] and valvular endothelium. Currently emm typing is felt to be more discriminating than M typing [20] . Antimyosin antibody recognizes laminin, an extracellular matrix alpha-helix coiled protein, which is part of the valve basement membrane structure. T-cells that are responsive to the streptococcal M-protein infiltrate the valve through the valvular endothelium, activated by the binding of anti-streptococcal carbohydrate with the release of tumor necrosis factor (TNF) and interleukins [21] . Thus, cross-reactive antibodies bind to cardiac tissue, facilitate infiltration of streptococcal-primed CD4+T cells, which then triggers an autoimmune reaction and releasing inflammatory cytokines (TNF-α and IFN-gamma). Because few IL-4 producing cells are present in valvular tissue, inflammation persists, leading to valvular lesion. A study reported that the increased expression of Th 17 cell-associated cytokines might play an important role in the pathogenesis and development of rheumatic heart disease [22] . In chronic disease, there is thickening and fibrosis of the valve resulting in stenosis, or less commonly regurgitation.
In utero precursors predisposing to rheumatic heart disease have also been proposed [23] [24]. Eriksson et al. suggest increased spiraling of the umbilical cord may increase the risk of rheumatic heart disease secondary to presumed changes in hemodynamic conditions during the formation of the mitral valve [25] .
Familial studies of rheumatic heart disease suggest a vulnerable population with increased risk of having relationship between the development of rheumatic fever and human leukocyte antigens (HLA)-DR subtypes have been found [26] . HL-DR3 was present more frequently in rheumatic fever patients in India, DR-1 in South Africa, DR-2 in African-American population, DR-4 in Cauccasian and DQW2 in Asian Patients.
Probiotic Treatment
To find a solution to outbreaks of group A streptococcal (GAS) sore throat, a probiotic treatment was developed at Otago University. The BLIS K 12 probiotic specific to the throat and mouth, sold as "BLIS throat guard" was trialled in selected primary schools in Whakatane and Kawerau where the rheumatic fever has been an increasing problem and a school sore throat rheumatic fever programme has been running since 2010. The term antibiotics points to treatments which kill the microbes and the term probiotic refers to being "in support of life" as the mechanism supports the re-setting of the microbial biome, through growing beneficial microbes. BLIS K 12 populate the mouth and throat with a beneficial strains of streptococcus salivarius. When antibiotics were followed by taking the BLIS K 12 probiotic lozenges daily for 30 days, encouraging results were seen in school children with clearance of streptococcal infection from the throat up to 3 months [27] .
Group A Streptococcal Vaccine Development
Efforts to produce a vaccine against streptococcus pyogenes began several decades ago, and different models have been proposed as M-protein based vaccines (N-and C-terminal portion), the major antigen of streptococcus pyogenes, the non-M protein based vaccine and other potential GAS vaccines such as Spe (streptococcal pyrogenic exotoxin) A and C.
StreptAvax is a M-protein based, multivalent type-specific vaccine, consists of a sequence of short peptides from the N terminal region of multiple different emm type strains in tandem, linked together using unique restriction sites. It may not produce sufficient and long-lasting protection in countries with highly endemic GAS diseases.
Streptlncor, a vaccine candidate peptide, comprising 55 aminoacid residues of the C-terminal portion of the M protein and encompassing both the T-and B-cell protective epitopes. Streptlncor overlapping peptides induced cellular and humoral immune responses of individuals bearing different HLA class II molecules of the macrophage to T lymphocytes via the T-cell receptor (TCR) and it could be considered as an immunogenic and safe vaccine. The safety of this vaccine was assessed using DR2, DR4, DQ6 and DQ 8 HLA class II transgenic mice. StreptAnova (R) multivalent vaccine is composed of four recombinant proteins containing protective peptides from 30 streptococcal serotypes that account for the vast majority of infections in North America and Europe. Phase I trial is ongoing as 3 injections over 6 months, with a one-year follow-up to assess the immune response to the vaccine [28] .
Global Research Priorities
It is universally accepted that the most cost-effective approach to RHD (Rheumatic heart disease) control is delivery of secondary prophylaxis and improved clinical care of patients, using register-based RHD control pro-grams as in New Zealand and Australia. An implantable form of penicillin could be a major advance. Naltrexone penicillin implants provide a promising model, given that the equivalent daily dose is similar to what would be required for penicillin [29] . Genetic studies to identify the nature of host susceptibility to detect the vulnerable groups and development of vaccine, screening echocardiography to detect subclinical carditis and to implement secondary prophylaxis are the priority measures in endemic areas.
Role of Statins
Early medical therapy with statins in patients with rheumatic heart disease showed a significantly slower progression of the disease as found in a recent study done in Europe on 315 patients with rheumatic mitral stenosis in 2010 [30] and reducing LDL-C (low-density lipoprotein cholesterol) may help to prevent aortic valve disease [31] as found by Smith et al. in 2014.
Conclusion
Quadrivalvar rheumatic cardiopathy with stenotic lesions in semilunar valves and regurgitant lesions in atrioventricular valves is a characterized feature detected by 2D echocardiography in a 48-year old female with tetralogy of Fallot in the tropical district of Thoothukudi in India in the year 2016.
